To investigate the effect of folate status on cervical intraepithelial neoplasia (CIN) progression and its relationship with high-risk human papillomavirus (hrHPV). SUBJECTS/METHODS: We evaluated 20 000 sexually active women aged o65 years in Yangqu County by using a questionnaire; the subjects were also screened using the ThinPrep cytologic test (TCT). Patients with abnormal TCT results (other than glandular cell abnormalities) who were willing to provide informed consent were further diagnosed using colposcopy and histopathological examination. We investigated 247 cases of low-grade cervical squamous intraepithelial lesions (LSIL), 125 cases of high-grade cervical squamous intraepithelial lesions (HSIL) and 877 controls. A 24-item food frequency questionnaire was filled out by the investigator to estimate the consumption of dietary folate. Positivity for hrHPV from residual exfoliated cervical cells was tested; serum folate was also measured.
INTRODUCTION
In China, cervical cancer is the second most common cancer and cause of cancer-related death and accounts for 25% of annual global incidences(135 000 new cases) and 12% of the annual global mortality (34 000 deaths). 1 Shanxi Province is a highrisk rural area; the incidence (78.23/100 000) and mortality (25.07/100 000) due to cervical cancer in Yangcheng County, within Shanxi Province, are much higher than the average incidence (9.62/100 000) and mortality (2.54/100 000) rates in China. 2 Therefore, preventing the occurrence of cervical cancer in China, especially in Shanxi, is an urgent need. Cervical cancer develops from pre-existing non-invasive squamous precursor lesions, referred to as cervical intraepithelial neoplasias (CINs) or squamous intraepithelial lesions (SIL). CIN1 is referred to as low-grade SIL (LSIL), whereas CIN2 and CIN3 correspond to highgrade SIL (HSIL). CIN develops gradually, providing ample time to intervene and block the occurrence of cervical cancer. As CIN is a dynamic process, the approximate regression rates for CIN1, CIN2 and CIN3 are 60, 40 and 33%, respectively, and their corresponding rates of progression to invasive cancer are 1, 5 and 12%, respectively. 3 Currently, the outcome of CIN is difficult to predict, and unnecessary excision procedures for CINs that may have otherwise naturally regressed do occur. In recent years, the excessive surgical treatment of CIN has caused a series of adverse effects, including infertility, miscarriage, premature delivery, cervical insufficiency and cesarean section in subsequent pregnancies. This has caused great physical and mental stress, especially in young patients with childbearing desires, and has thus become a focus of investigation, 4, 5 as understanding the factors that predict progression of CIN is of critical value.
High-risk human papillomavirus (hrHPV) infection is by far the most important risk factor for CIN and is a critical component of its progression to cervical cancer. 6 However, the lifetime risk of contracting HPV is estimated to be 80%; 7 at least 80% of the hrHPV infections are likely to be transient, 8 whereas 5-10% of infected women will develop SIL and less than 1% will develop invasive cervical cancer. [9] [10] [11] This suggests that hrHPV infection is not the only factor in CIN progression. 12 Thus, identifying possible hrHPV cofactors is important for blocking the progression of CIN.
Recent research on the relationship between micronutrients and tumor progression revealed that low levels of folate, vitamin A, vitamin E and other dietary nutrients were related to the risk of cervical cancer. [13] [14] [15] Folate is a water-soluble B vitamin and an important cofactor in one-carbon metabolism, where it participates in nucleotide synthesis and methylation reactions that are also responsible for tumorigenic and mutagenic effects.
of cervical cancer, 21 and further experiments in vitro have shown that increasing folate levels correlated with decreased cell proliferation and increased apoptosis in human cervical cancer cell lines. 22 However, it is not clear whether folate is involved in the development of CIN.
In this cross-sectional study, 20 000 women of similar backgrounds and lifestyles were investigated using a demographic characteristics-related questionnaire and screened using the ThinPrep cytologic test (TCT) and gynecologic examinations; all TCT abnormalities, except those of glandular cells, were further diagnosed by colposcopy and histopathological examination in consenting patients. All histopathologically diagnosed LSIL and HSIL patients were considered the study group, whereas those with normal cervixes were the control group. We then assessed the risk factors related to CIN grade, focusing on the relationship between folate and CIN. We aimed to determine the factors influencing CIN progression and to develop a theoretical basis for reducing the incidence of cervical cancer in Shanxi Province.
MATERIALS AND METHODS

Study design
Between September and December 2014, a free cervical cancer screening program was organized for 20 000 eligible women permanently residing in Yangqu County of Taiyuan city. The inclusion criteria were as follows: sexually active woman, age o65 years, of the Han ethnic group, ⩾ 1 year of continuous residence in Yangqu County and willingness to participate in the screening program. The exclusion criteria included having a history of nutritional megaloblastic anemia, hemolytic disease, leukemia, liver disease, other malignant tumors and uterine surgery resection or cervical lesion treatment; moreover, those who used B vitamins within the previous 3 months were excluded. A total of 20 000 women were investigated with a demographic characteristics-related questionnaire and screened using the TCT in conjunction with gynecologic examinations. There were 1325 women diagnosed with atypical squamous cells of undetermined significance and above, among which 1257 women provided their signed, informed consent to undergo the screening program prior to enrollment. Dietary folate intake in these women was determined, and blood specimens were collected. They further underwent colposcopy and histopathological examination; all these procedures were completed under double-blind conditions. According to the final histopathological results, 247 patients were histologically diagnosed with LSIL (CIN1), 125 with HSIL (96 with CIN2 and 29 with CIN3) and 877 had normal cervixes. The final study population consisted of 1249 women, after 8 cases of invasive cervical cancer were excluded because they were beyond the scope of this study. Serum folate was also measured in all subjects, and HPV testing was performed in the residual TCT specimens (Figure 1 ). The study was approved by the ethics committee of the Second Hospital, Shanxi Medical University, and was registered in the Chinese Clinical Trial Register (ChiCTR), number ChiCTR-ROC-15006479.
Data collection
Interviews. We interviewed 20 000 women face-to-face using a unified, structured demographic characteristics-related questionnaire filled out by trained and qualified investigators. Collected demographic information included age, education, occupation, reproductive patterns (including menstrual, marriage, gravidity, parity, abortion history and age at first sexual intercourse), use of tobacco, intrauterine device use, history of gynecological events and family history of cancer.
Dietary folate intake investigation. On the basis of the food frequency questionnaire (FFQ) designed by Wang and Zhao, 23 combined with people's eating habits in Shanxi and incorporating a list of items from the 'China Food Composition Table' 24 that were rich in folate, our team members (including epidemiologists) designed a self-administered, semiquantitative FFQ. Relying on a review of the literature, expert evaluation and a small-scale presurvey, the FFQ has been used in previous studies and is thus effectively validated. 25, 26 In this study, we used the FFQ to ascertain the consumption frequency and quantity of 24 types of food in the past 5 years, including cereals, beans, fresh vegetables, fresh fruits, meats, eggs, milk and other common foods.
Biological specimens. Prior to surgery or other treatments, a 5 ml blood sample was collected in a tube that did not contain anticoagulant in the morning after overnight fasting (12 h ) and centrifuged at 3000 r.p.m. for 10 min at room temperature within 10 h of collection. The serum was separated, whereupon it was drawn into a labeled cryotube and stored at − 80°C. All subjects were asked to provide two cervical tissue specimens obtained by exfoliation with a brush at gynecological examination. One sample was automatically prepared for TCT by a liquid-based device (DC-12; Dacheng Biomedical Equipment Technology Co., Ltd, Guangzhou, China). Another sample was stored at 4°C and processed for HPV DNA testing within 2 weeks. Patients were instructed not to apply vaginal douching 3 days prior to the collection of samples or to have sexual Association between folate and cervical intraepithelial neoplasiaintercourse during the preceding day. Sampling was not performed during menstrual periods. All the positive cytological samples were confirmed by biopsies.
Determination of serum folate
Serum folate levels were measured using kits (Access Folate) by Beckman Coulter (ACCESS 2 Chemiluminescence Immunoassay System; Beckman Coulter Inc., Brea, CA, USA) according to the manufacturer's instructions.
HPV genotyping by hybrimax HPV genotyping by HybriMax was performed using an HPV GenoArray Test Kit (HybriBio Ltd, Chaozhou, China) with the residual TCT specimens. This assay can identify 21 types of HPV, including 15 high-risk types (16, 18, 31, 33, 35, 39, 45 , 51, 52, 53, 56, 58, 59, 66 and 68) and five low-risk types (6, 11, 42, 43, 44 and CP8304) by the flow-through hybridization technique using a TC-96/G/H 6 HPV DNA Amplification Analyzer and an HMM-2 fast nucleic acid molecule hybridization instrument (HybriBio Ltd). 27 
Statistical analysis
According to the 'China Food Composition Table' , 24 24 types of food are converted to folate and contribute to folate dietary intake. Double-pass entry of all data was performed using the EpiData 3.1 software (Jens M Lauritsen, Odense, Syddan Mark, Denmark), and all statistical analyses were performed using the SPSS 19.0 statistical package for Windows (SPSS Inc., Chicago, IL, USA).
For comparison among controls, the LSIL and HSIL groups' categorical variables were compared by using the Pearson χ 2 test; continuous variables were examined using the Kruskal-Wallis (K-W) test and post-hoc analysis by the Bonferroni method. Spearman's correlation coefficient was employed to assess the correlations among variables. The relative risk estimation (odds ratio (OR) with 95% confidence interval (CI)) was calculated for hrHPV infection and serum folate. The multivariate logistic regression model between serum folate and CIN was adjusted for the variables used in the study design and for the variables identified as statistically significant in the above analysis. The addition mode as well as interaction indicators (including relative excess risk of interaction, attributable proportion of interaction, the synergy index) were applied to assess qualitative and quantitative interaction. Relative excess risk of interaction and attributable proportion of interaction cannot be 0 when interactions exist, whereas synergy index cannot be 1. Attributable proportion of interaction can be used to evaluate the risk attributed to the interaction between two significant variables found on multivariate analysis; hence, their combined impact on public health is better understood. When two factors have similar prognostic trends (either both negative or positive), a stronger interaction between them correlates with a greater distance between synergy index and 1. Po 0.05 was considered statistically significant.
RESULTS
Sociodemographic factors
As shown in Table 1 , there were no significant differences in marriage rates, occupation, smoking history, parity, abortion history, gynecologic disease history or family history of cancer among the control, LSIL and HSIL groups. However, there were significant differences in age, educational level, annual income, spouse smoking history, age at menarche, menopause status, age at first intercourse, gravidity and intrauterine device use. When further compared by pairs, the HSIL group subjects were younger, less likely to have received a senior education, comprised a lower number of women who are post-menopausal, had menarche at an earlier age and had higher gravidity than those in the control and LSIL groups; LSIL and HSIL group subjects were younger at first intercourse, had more smoking spouses and higher annual income than control subjects; and intrauterine device use was more common in HSIL than in control subjects but was rare in the LSIL group.
Detection of hrHPV
The rates of hrHPV infection in control, LSIL and HSIL patients were 32.0, 33.2 and 77.6%, respectively. Increased hrHPV infection rates correlated with the degree of aggravation of cervical lesions (trend χ 2 = 67.57, P o 0.001). Post-hoc analysis showed that the rate of hrHPV infection in the HSIL group was significantly higher than that in the control group (P o 0.001), but a significant difference was not observed between the LSIL and control groups (P40.05). When adjusted for age, education level, annual income, smoking spouse, age at menarche, menopause status, age at first intercourse, gravidity and intrauterine device use, hrHPV infection still produced a 5.2-fold risk of HSIL than non-infection (95% CI: 3.24-8.22) ( Table 2 ). Annual income can be divided into three levels: 1 = less than 10 000 CNY, 2 = 10 000-30 000 CNY and 3 = more than 30 000 CNY.
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Dietary folate intake In the control, LSIL and HSIL groups, the daily dietary intakes of folate were 306.9 ± 176.6, 321.8 ± 168.0 and 314.7 ± 193.8 μg/kcal (median ± interquartile number). This did not meet normal distribution and variance homogeneity. According to the K-W test, the difference among the three groups was not statistically significant (H = 0.97, P = 0.62). Furthermore, the consistency test between the daily dietary intake of folate and serum folate showed that the correlation between the two was not statistically significant (r = 0.05, P = 0.09).
Serum folate levels
In the control, LSIL and HSIL groups, the serum folate levels were 18.2 ± 7.9, 15.9 ± 7.1 and 14.3 ± 7.5 nmol/l (median ± interquartile number), respectively. The level of serum folate among the three groups was significantly different according to the K-W test (H = 59.29, P o 0.001). Post-hoc analysis showed that women with HSIL had a significantly lower folate status than those with LSIL and normal cervical histology (Po0.02, adjusted test α = α/3 = 0.02), and women with LSIL had a significantly lower serum folate level than control (P o0.02, adjusted test α = α/3 = 0.02).
After serum folate levels were graded by the quartile of the control group, the data showed that LSIL and HSIL risk increased as serum folate levels decreased. In particular, serum folate correlation with risk of LSIL and HSIL continued to show a concentration-response relationship after adjustment for age, education level, annual income, smoking spouse, age at menarche, menopause status, age at first intercourse, gravidity, intrauterine device and hrHPV infection (Table 3) .
Interaction between serum folate and hrHPV infection in LSIL and HSIL groups In this study, the median value (18.2 nmol/l) of serum folate in the control group was regarded as the cutoff for low serum folate. The interactions of serum folate and hrHPV infection in CIN grading by stratified analysis using the addition mode were analyzed, and results showed that the interaction indicators relative excess risk of interaction, attributable proportion of interaction and synergy index in the LSIL group were 1.15, 0.49 and 6.99, and those in the HSIL group were 11.11, 0.67 and 3.47, respectively. There was a positive net interaction between low serum folate and hrHPV infection in the LSIL and HSIL groups. The controls used for OR calculation were hrHPV-negative patients with serum folate levels higher than the median concentration. It was observed that women with hrHPV infection and serum folate lower than the median concentration were more likely to have LSIL (OR = 2.34) than women with only serum folate lower than the median concentration (OR = 1.60) or those with only hrHPV infection (OR = 0.59); these women were also more likely to have HSIL (OR = 16.61) than women with serum folate lower than the median concentration only (OR = 2.40) or with hrHPV infection only (OR = 4.11) ( Table 4) .
DISCUSSION
Our previous studies have shown that low folate status was involved in the development of cervical cancer, 21, 22, 28 but the role of folate in the development of CIN is still unclear. To our 29 examined serum levels of folate in normal (n = 35), SIL (n = 27) and cervical cancer (n = 38) patients and found a role for folate in modulating the risk of cervical cancer and HPV infection. However, another case-control study encompassing 136 control, 92 LSIL and 94 cervical cancer patients in south India indicated that serum folate levels did not predict cervical carcinogenesis but did influence B 12 levels resulting in a postulated synergistic effect of promoting invasive cervical cancer (OR = 7.11, 95% CI: 0.45-111.9). 30 Further studies to confirm the causal relationship between folate and CIN progression will be crucial.
Decreased serum folate levels may be caused by poor intake of folate-rich foods; hence, we also investigated the self-reported FFQs to assess the relationship of dietary folate intake and CIN risk in the present study. FFQs are one of the most commonly used methods for evaluating habitual dietary intake in large-scale epidemiological studies. 31, 32 In this study, daily dietary folate intake was not consistent with serum folate concentrations and was independent of CIN occurrences. This suggested that the results of the FFQ survey may be biased. On the other hand, the processes of absorption, metabolism and transport of folate after intake may be affected by various factors and should be further explored.
The mechanisms underlying the low serum folate resulting in CIN progression to cervical cancer are unclear. Epidemiological and laboratory data have established that persistent infection with hrHPV is the main risk factor for CIN progression to cervical cancer. 3 In this study, HSIL patients had a significantly higher rate of hrHPV infection than did LSIL and control. After adjusting for other risk factors, hrHPV infection still produced a 5.2-fold higher risk of HSIL than non-infection. These results demonstrated the vital role of hrHPV infection in the progression of LSIL to HSIL. On the basis of this, whether folate collaborated with hrHPV in the process of CIN progression to cervical cancer is unclear. Folate deficiency may affect chromosomal stability at the FRA3B site located in the fragile histidine triad (FHIT) gene, which is prone to forming gaps or breaks on metaphase chromosomes; 28 the FRA3B fragile site of FHIT is a candidate region for HPV-16 interaction. 33 Despite this hypothesis, studies on the interaction of folate and hrHPV in the process of CIN progression are very few, and most are descriptive. Piyathilake et al. 34 found that HPV-16-positive women with low red blood cell folate were significantly more likely to be diagnosed with CIN ⩾ 2 than were HPV-16-negative women with higher red blood cell folate. More recently, the same group established that a tertile increase in plasma folate resulted in a 50% (P = 0.03) increase in the odds of having a higher degree of HPV-16 methylation, which provides initial evidence that folate may have an important role in maintaining a desirably high degree of methylation at specific CpG sites in the HPV E6 promoter and enhancer that are associated with CIN2+ risk. 35 Using the median serum folate value among the control population as the cutoff value, simultaneous low serum folate and hrHPV infection produced a higher LSIL and HSIL risk than each alone or neither in the present study. Moreover, women with low serum folate and hrHPV infection had a greater risk of HSIL than of LSIL, implying that low serum folate had a greater role on the former than on the latter. These results suggested that low serum folate had a synergistic effect with hrHPV infection in the process of cervical cancerization.
A key strength of this study is that our subjects were from among 20 000 people with similar backgrounds, lifestyles and dietary habits who were investigated in the same area and period of time. In addition, all of the clinical examinations and questionnaires were administered under double-blind conditions. Finally, the study relied on histopathological results of multi-point biopsies under colposcopy, and all newly diagnosed CIN patients were enrolled. However, our study also has limitations. Serum folate only reflects early changes of folate levels in the body, which are affected by dietary and absorption factors; however, red blood cell folate ought to represent the storage levels of folate in the body, which are relatively stable. Therefore, it might be better to analyze the relationship between red blood cell folate and CIN simultaneously. Moreover, our data provide only the baseline information of the relationship between folate (and other relevant factors) and CIN; follow-up research is still in progress. Because of the cross-sectional nature of our study, neither causality nor the direction of association could be established. Through dynamic observation of the changes in folate levels during CIN development, however, we may derive evidence that supports or refutes a causal relationship between folate and the development of CIN.
In conclusion, low serum folate may increase the risk of CIN progression, and synergy may potentially exist between low serum folate and hrHPV infection to promote CIN development. Although children's formula is supplemented with folate nowadays, no adult food is similarly enriched in China. Therefore, in the poorer areas along the Taihang mountains in Shanxi Province, which also have high incidences of cervical cancer, it is possible that fortification of staple food items with folate may lead to the prevention of CIN progression; this remains to be further investigated in the next prospective follow-up study.
